Background {#Sec1}
==========

Endotracheal intubation and skin incision are two of the strongest noxious stimuli received by surgical patients under general anesthesia \[[@CR1]\]. From one perspective, sufficient analgesic levels are critical to avoid unexpected movements, sympathetic reactions with consequent cardiovascular complications, and the development of pain memory. From another perspective, restriction to a minimum dosage of analgesic is desirable to avoid opioid-induced hyperalgesia, respiratory depression, and nausea as well as to achieve a shorter perioperative treatment period \[[@CR2], [@CR3]\]. Due to a lack of reliable tools for predicting and assessing the balance between analgesia and nociception during general anesthesia, clinicians mainly use classical symptoms of insufficient analgesia including increases in heart rate (HR), blood pressure, lacrimation, and sweating to tailor the administration of analgesic drugs, an approach that can reduce the side-effects of opioid overdosage but not underdosage \[[@CR1], [@CR4]\].

Subcortical-derived autonomic nervous system changes induced by nociceptive stimuli was shown to be reflective of the balance between nociception and analgesia \[[@CR5]--[@CR13]\]. Two parameters, the newborn infant parasympathetic evaluation (NIPE) and analgesia nociception index (ANI, MDoloris Medical Systems, Lille, France), were derived from a real-time reliable analysis of HR variability (HRV) in a time window of 64 s on a scale from 0 (maximum of nociception) to 100 (complete analgesia). NIPE is the neonatal version of the ANI used in adults \[[@CR14], [@CR15]\]. It has been shown that the autonomic nervous system responses to a noxious stimuli would change with the advancing age. As the nervous system matures, sympathetic HR modulation increases, while parasympathetic modulation decreases \[[@CR16]\]. The ANI used in adult could not be adapted directly to children less than 2 years old due to the higher respiratory rate and heart rate in children \[[@CR17]\]. The NIPE, on the other hand, reflects the parasympathetic tone. It was found that NIPE would decrease significantly in newborn infants after a painful surgical procedure \[[@CR8]\]. The NIPE was also significantly reduced in babies borned by instrument-assisted delivery when compared to those delivered naturally \[[@CR9]\].

In adult patients, the automomic index ANI had been used to predict hemodynamic changes associated with painful stimulation \[[@CR10]--[@CR13]\]. Study of the prediction ability of the NIPE in children has not yet been reported.

In this observational pilot study, two manuvors, namely endotracheal intubation and skin incision, were chosen as the noxious stimuli. As a primary endpoint, we evaluate whether the pre-event value of NIPE would be a good predictor of the hemodynamic responses of such stimulation.

Methods {#Sec2}
=======

Patients {#Sec3}
--------

This observational prospective study was approved by the ethics committee of Shanghai Children's Medical Center affiliated to Shanghai Jiao Tong University (SCMCIRB-K2018049) prior to its start and was registerated in the Chinese Clinical Trial website (<http://www.chictr.org.cn/showproj.aspx?proj=27154>, ChiCTR1800015973). Patients were enrolled over a 4-month period between June 2018 and September 2018. Full-term pediatric patients aged 1 month to 2 years with an American Society of Anesthesiologists physical status score I\~II were included. Patients were scheduled for elective general or urinary surgery.

We excluded children who had a history of premature delivery or neurological, cardiac or respiratory conditions. Children who required prolonged resuscitation at birth, underwent general anaesthesia within the preceding week of study, experienced prolonged exposure to pain, and those who were currently receiving drugs with known effects on sympathetic and parasympathetic activity were also excluded. Written informed consents were obtained from the parents of study subjects.

Anesthetic technique and monitoring {#Sec4}
-----------------------------------

All pediatric patients were fasted according to the relevant guidelines \[[@CR18]\]. Crystalloid fluid (Ringer's acetate) containing 5% glucose was given in the ward by the attending surgeon or in the operating theater by the anesthesiologist in charge as appropriate. Oral midazolam 0.5 mg/kg as sedative premedication was administered to all children 30 min before patients were transferred to the operating room. All patients were accompanied by their parents or a senior nurse staff in our preparation room as they watched cartoon video or listened to stories for relaxation. Upon arrival in the operating theater, standard monitoring was applied using an anesthesia workstation (Datex-Ohmeda Aisys CS^2^, GE Healthcare, USA) with a three-lead electrocardiogram (ECG), pulse oximetry and non-invasive blood pressure measured at the arm. After an intraveous line was secured, all patients received Ringer's acetate as maintenance fluid following the 4--2-1 rule.

Fentanyl 2--3 μg/kg was injected over a 15-s period. After 1 min, anesthesia was induced with propofol 2--3 mg/kg administered intravenously (i.v.) over 30 s. When the eyelash reflex was absent, the child was ventilated via a facemask with 100% oxygen. Rocuronium 0.6 mg/kg was administered i.v. for muscle relaxation, after adequate ventilation could be achieved via a facemask. A senior anesthesiologist (\> 3 years experience) decided the timing of endotracheal intubation and performed intubation using video laryngoscope. The patients were then ventilated using pressure-controlled mode at a frequency of 20 breaths per minute (inhalation-to-exhalation ratio of 1:2). Peak inspiratory pressure would be adjusted to achieve tidal volume between 8 and 10 ml/kg and end-tidal carbon dioxide was maintained between 35 and 45 mmHg. Anesthesia was maintained with sevoflurane between 1.0--1.3 MAC according to the patient's age and the fentanyl boluse administered, as clinically required.

Study protocol {#Sec5}
--------------

The MDoloris system (MDoloris Medical Systems, Loos, France) was integrated to the monitors of the anesthesia workstation for HRV analysis. After calibration, the instantaneous NIPE index was displayed on the monitor screen. The instantaneous NIPE was obtained based on four individual windows of 16 s. The R-R interval analysis for each 16-s block is based on a sliding window of 64 s. Continuous measurement of the indexes can be assumed by moving the 64-s window after each calculation. The sampling rate of the final parameters depends on the window moving period. In practice, a 1-s moving period is used \[[@CR19]\].

The timing of endotracheal intubation was decided by the anesthesiologist who was blinded to the study protocol and the MDoloris monitoring system. The research team was responsible for recording the NIPE, HR and MBP measurements immediately before and 1 min after tracheal intubation and skin incision \[[@CR20]\]. The changes in the MBP and HR during the observation were calculated by the following formula:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \mathrm{change}\ \mathrm{percent}=\frac{{\left(\mathrm{HR}\ \mathrm{or}\ \mathrm{MBP}\right)}_{\mathrm{post}-\mathrm{stimulus}}-{\left(\mathrm{HR}\ \mathrm{or}\ \mathrm{MBP}\right)}_{\mathrm{pre}-\mathrm{stimulus}}}{{\left(\mathrm{HR}\ \mathrm{or}\ \mathrm{MBP}\right)}_{\mathrm{pre}-\mathrm{stimulus}}}\times 100\%. $$\end{document}$$

A hemodynamic response was considered significant and clinically relevant if an increase in either parameter (HR and/or MBP) of more than 20% was observed after the noxious event. We also calculated the dynamic NIPE to examine its ability to predict a hemodynamic response \[[@CR21]\].$$\documentclass[12pt]{minimal}
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Statistical analysis {#Sec6}
--------------------

Patient data was presented as the mean (95% confidence interval \[CI\]) or median (interquartile range \[IQR\]) as appropriate. All data were tested for normal distribution using the Kolmogorov-Smirnov test. Variables before and after stimulation were compared using paired t tests. Receiver operating characteristic (ROC) curves and the associated area under curve (AUC) values were computed to assess the ability of the NIPE (pre-stimulation values) to predict hemodynamic reactivity. GraphPad Prism 7 (GraphPad Software, Inc., San Diego, CA, USA) and MedCalc version 18.2 for Windows (MedCalc Software, Ostend, Belgium) were used for statistical analysis. *P* values \< 0.05 were considered statistically significant.

Results {#Sec7}
=======

Seventy-one pediatric patients were initially recruited into this study. Of these, 16 patients were excluded due to a history of premature delivery, recent general anaesthesia, or arrythemia or a lack of parents' permission for participation. Finally, 55 patients met the inclusion criteria and parents or informed consents were obtained. The characteristics of these patients are presented in Table [1](#Tab1){ref-type="table"}. Of these pediatric patients, 47 children were male, and 8 were female. Their mean age was 1.3 years (95% CI 1.1--1.5 years), and their mean weight was 10.6 kg (10.0--11.1 kg). During the period of tracheal intubation, the NIPE recordings for four patients were complicated by noise due to poor electrode--skin contact. Thus, the final analysis included NIPE data from 51 patients undergoing endoutracheal intubation and 55 patients undergoing skin incision (Fig. [1](#Fig1){ref-type="fig"}).Table 1Detailed characteristics of pediatric patientsPatients (*n* = 55)Gender (M/F)47/8Age (years)1.3 (1.1--1.5)Weight (kg)10.6 (10.0--11.1)Height (cm)76.1 (72.7--79.5)ASA (I/II)50/5Surgery (n) General surgery20/55 Urinary surgery20/55 Orthopedic surgery15/55Propofol dose (mg/kg)3.1 (2.8--3.5)Fentanyl dose (μg/kg)2.3 (2.1--2.6)*ASA* American Society of Anesthesiologists physical status. Data are mean (95% CI) or absolute numbersFig. 1Flow digram of patient/data inclusion in this observational study

Induction of anaesthesia significantly changed the HR, MBP, and NIPE (all *P* \< 0.01 vs. baseline). After induction of anaesthesia, in the absence of intubation, the HR and MBP decreased by 13% (95%CI 9--16%) and 15% (11--19%), respectively, while the NIPE increased by 19% (7--30%), as shown in Table [2](#Tab2){ref-type="table"}.Table 2Change trends for mean blood pressure (MBP), heart rate (HR), and newborn infant parasympathetic evaluation (NIPE) at five time pointsT1T2^\#^T3^\*^T4T5^\*\*^MBP (mmHg)73 ± 964 ± 1175 ± 1756 ± 962 ± 11HR (bpm)129 ± 23111 ± 17134 ± 17111 ± 14115 ± 15NIPE40 ± 1245 ± 839 ± 760 ± 1456 ± 13^\#^*P* \< 0.01 T2 vs. T1; \**P* \< 0.01 T3 vs. T2; \*\**P* \< 0.01 T5 vs. T4. T1, before anesthesia induction; T2, immediately before intubation; T3, 1st min after intubation; T4, immediately before skin incision; T5, 1st min after skin incisionData are shown as mean ± standard deviation

A positive hemodynamic response was observed during tracheal intubation in 32 patients (62.7%) and during skin incision in 13 patients (23.6%). Endotracheal intubation resulted in significant changes in the patients' MBP, HR, and NIPE values (all *P* \< 0.01 vs. before intubation). The average MBP and HR values increased by 18.2% (12.0--24.4%) and 22.2% (95%CI 17.5--26.9%), respectively, while the NIPE value decreased by 9.9% (5.3--14.4%). Skin incision also resulted in significant increases in the patients' MBP \[by 3.8% (2.1--5.5%)\] an HR \[by 10.6% (7.7--13.4%)\] values and a decrease in the NIPE \[by 5.6% (2.1--9.1%)\] (all P \< 0.01 vs. before incision). The MBP, HR, and NIPE values at each timepoint are presented in Table [2](#Tab2){ref-type="table"}.

The AUC values for the ability of NIPE to predict a positive hemodynamic response at endotracheal intubation and at skin incision were 0.65 (95%CI 0.50--0.78) and 0.58 (0.44--0.71), respectively. The best cut-off values (the optimal threshold) for the NIPE index at the respective events were 42 (sensitivity 71.9% and specificity 52.6%) and 60 (sensitivity 69.2% and specificity 52.4%). These results indicate the probability of correctly predicting a positive hemodynamic response based on the NIPE was similar to that achieved with a random coin toss (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Predictive ability of NIPE for a traditional hemodynamic change at tracheal intubation and skin incision. The area under receiver operating characteristic curve (AUC) values for this predictive ability of NIPE were 0.65 (95%CI 0.50--0.78) at endotracheal intubation and 0.58 (0.44--0.71) at skin incision

The AUC values for the ability of NIPE~dynamic~ to predict a positive hemodynamic response at endotracheal intubation and at skin incision were 0.68 (95%CI 0.53--0.80) and 0.54 (0.40--0.68), respectively. Thus, our results showed that the NIPE~dynamic~ also was not sufficiently sensitive and specific to predict a hemodynamic response to these events.

Discussion {#Sec8}
==========

In the present study, we observed (1) the NIPE as well as NIPE~dynamic~ in children less than 2 years of age undergoing general anesthesia and found that these indexes failed to predict a hemodynamic response at tracheal intubation and skin incision. (2) The NIPE reflected nociceptive events as well as anesthestic induction in pediatric patients undergoing general anetshesia.

Several studies indicated ANI was able to predict movement and hemodynamic reactivity in adult patients \[[@CR10]--[@CR13]\]. Some studies observed hemodynamic response could not be anticipated based on the ANI \[[@CR1], [@CR21], [@CR22]\]. Our study also did not find that the NIPE could predict a HR- or MBP-based response to nociceptive stimuli. The reason for this discrepancy of results are ultimately unclear. Patients in previous studies \[[@CR10]--[@CR13]\] did not receive neuromuscular blocking drugs before stimulation, whereas we used a regime with rocuronium. The previously described variation in autonomous stress response to tracheal intubation with and without neuromuscular blockade may partially explain the observed differences \[[@CR23]\].

In consideration of perioperative safety, all children enrolled underwent ETT intubation after administration of a muscle relaxant. Children who were allowed to resume spontaneous breathing during surgery were not enrolled in order to avoid a statistical bias introduced by this anesthetic technique. The respiratory sinus arrythymia (RSA) was also affected by respiratory parameters (e.g., respiratory rate, tidal volume and inspiration-expiration ratio) \[[@CR24], [@CR25]\]. In the current study, the respiratory rate (RR) during mechanical ventilation was kept at a fixed number (20 breaths per minute), which was relatively lower than normal respiratory rate in awake children (\~ 30 breaths per minute). Furthermore, in infants, the effects of different breathing rates with I:E ratios different from spontaneous breathing on HRV indices are unknown \[[@CR26]\].

The pre-induction and pre-intubation NIPE values were low in our cohort (40 ± 12 and 45 ± 8, respectively). Absence of ventilation before intubation could explain the low NIPE values observed before intubation. NIPE is a measure for analyzing HRV that evaluates the parasympathetic activity by assessing RSA. Secondly, we speculate the a lower pre-intubation NIPE value may be associated with the injection pain and withdrawal response. Usually anesthesia for infants and children is induced with propofol and rocuronium. At last, HRV reflects the balance between parasympathetic and sympathetic nerve outflow from the central nervous system to the cardiac sinus node. Anxiety, which most likely plays a pathogenetic role, is associated with autonomic dysfunction \[[@CR27]\]. Preoperative emotion (such as anxiety and fear) was shown to mediate RSA alteration in adults \[[@CR28], [@CR29]\]. Crying and struggling in older infants and toddlers may also lead to increased sympathetic nervous system activity. Acute stress, with subsequent release of catecholamines into the systemic circulation, causes abnormal HRV responses to acute pain \[[@CR30]\]. In the pre-anesthesia period, although a series of strategies has been adopted, anxiety in children can be reduced but not eliminated, which also explains the low NIPE values that we observed prior to anesthesia induction.

Despite low pre-event values of NIPE in current study making a significant decline after noxious stimulus less likely, the NIPE showed a significanted change and reflected nociceptive events as well as anesthestic induction. Thus, NIPE may potentially aid the monitoring of nociception.

Finally, the present study has several limitations that should be noted. (1) NIPE evaluation requires ventilation, and NIPE analysis during apnea phases is questionable. (2) Under current sample size, weak response of hemodynamics to skin incision due to enough analgesia might have reduced the statistical power to detect prediction ability. A larger sample size is needed in further research.

Conclusion {#Sec9}
==========

In conclusion, the NIPE reflected nociceptive events as well as anesthestic induction in infants and young toddlers undergoing general anaesthetia. Nevertheless, NIPE may not serve as a sensitive and specific predictor to changes in hemodynamics.

ANI

:   Analgesia nociception index

AUC

:   Area under curve

CI

:   Confidence interval

HR

:   Heart rate

MBP

:   Mean blood pressure

NIPE

:   Newborn infant parasympathetic evaluation

ROC

:   Receiver operating characteristic

RSA

:   Respiratory sinus arrythymia

**Publisher's Note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Kan Zhang and Siyuan Wang contributed equally to this work.

We appreciate the efforts of all health-care providers and the patients and family for their participation in this study. We express special thanks to Dr. Chun yin WAT from the Department of Anesthesiology, the University of Hong Kong for professional language editing. We also acknowledge the Department of Anesthesiology team in Shanghai children's medical center of Shanghai Jiao Tong University for supporting the research.

This research was accomplished by seven co-authors; the contribution of each author are as follows: KZ was involved in designing the study, accomplishing the work of preoperative follow-up, collecting the most of the data, and drafting the manuscript; SYW was involved in designing the postoperative part of the research protocol and assisted KZ to finish postoperative follow-up; LW instructed the design of the research protocol; YAS performed the general anesthesia processes; MHC participated in designing the recruitment criteria and patient recruitment processes; MZZ gave some instructions in designing and writing the manuscript; JJZ gave some instructions in designing and writing the manuscript. All authors read and approved the final manuscript.

The project was funded by the Young Scholar Research Grant from the Chinese Anesthesiologist Association (grant number: 220160900008), the Young Scholar Research Grant from Shanghai Chilren's Medical Center (grant number: YJ-SCMC-2017-13), the Shanghai Committee of Science and Technology (Shanghai, China; grant number: 16411967500), and the Shanghai Municipal Commission of Health and Family Planning, Key Developing Disciplines (Shanghai, China; grant number: 015ZB0106).

The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.

This observational prospective study was approved by the Local Ethics Committee of Shanghai Children's Medical Center affiliated to Shanghai Jiao Tong University (SCMCIRB-K2018049) and all parents or guardians of the patients signed the written informed consent voluntarily.

Not applicable.

The authors declare that they have no competing interests.
